L Introduction
It is one of the big challenges for a manufacturing technology: to be approved for serial automotive production.
Stringent production cycles as well as high quality, safety and environmental standards and keen price competition make automobile industry to one of the toughest sectors in modern industry. Laser material processing started to receive attention as a manufacturing option and an innovative technique for new automotive product and production solutions 30 years ago. Looking back, automobile industry with its high demands on reliability, productivity, profitability and innovation was and still is one of the big drivers and beneficiaries of the continuous improvements of laser sources, systems and processes.
This article shall demonstrate that the special capabilities of laser supported manufacturing technologies very well cope with the persistent trends in auto industry, such as lighter weight to be achieved by new materials, designs and processes, and more frequent model changes with multifaceted variants to be accomplished by flexible production lines. It gives a historical review on milestones and highlights of laser cutting and joining applications in Europe's auto industry by quoting more than 100 industrial examples, in order to pay tribute to pioneer work and to present recent developments and progress in laser manufacturing of automobiles.
2 Laser Cutting 2.1 Discovery of 2D and 3D laser cutting potential
In the early seventies of the last century, the possibility of using focussed laser light for flexible cutting of metal sheets fascinated engineers at Ford (Cologne, Germany). They installed a CO, laser system of Messer-Griesheirn for 2-dimensional prototype cutting of car body components in 1974. Also for small batches during pre-production, when the design is still in progress or the conventional cutting tools are not yet ready, this proved to be very cost efficient and offered a fast access to high quality parts already in an early product stage. 
Prototyping and customisation at the car manufacturers
In the eighties many systems followed and in fact, in Europe this was the decade of wide-spread introduction of 2-and 3-dimensional laser cutting in automotive industry.
In 1980, BMW (Munich, Germany) operated their first 500 W CO2 laser gantry system from Messer-Griesheim to cut prototype body parts and 1982 VW (Wolfsburg, Germany) followed with a 3-dimensional laser cutting system. In 1983, Austin Rover (Coventry, UK) started to trim prototype body panels with a 2 kW CO2 laser manufactured by Control Laser combined with a 5-axis gantry. During 1984, also Volvo (Goteborg, Sweden), Fiat (Turin, Italy) and Mercedes Benz (Sindelfingen, Germany) installed laser cutters. In 1985 Alfa Romeo (Italy) put a flexible laser plant with 3 CO2 lasers and 5 cutting units into operation. VW decided in 1986 to customise apertures for their right-hand drive Golf with a Ferranti 450 W CO, laser and a Robomatix 3-D cutting system. Prototyping, customisation and small batches are the main automotive laser cutting applications in those years.
2.3
Increasing range of applications at the subcontractors Sheet metal as well as plastic parts and wooden interiors are cut by lasers. Not only the automobile companies but also their suppliers are installing laser systems for 3-dimen-sional cutting. Kaliko (Goeppingen, Germany, 1984 ) cuts PVC ceilings, Pininfarina (Turin, Italy, 1986 with a system of Held Lasertechnik. In order to achieve an optimum edge preparation and fit-up for laser welding the C-pillar to the roof extension of the S-type cars, the edges of both components are first laser cut with a 2.5 kW CO, laser from Trumpf. The subsequent butt joint welding is performed with the same system (see also section "Laser joining" i n this article).
2.6
First Nd:YAG laser cutters
Citroen starts the first serial 3-dimensional body-in-white application of a Nd:YAG laser on-line in 1992, when they cut the rear wheel houses of the AX GTI. They operate a pulsed 450 W laser from Cheval for trimming the wheel houses in order to attach extensions on the sports model of the AX. One year later, Lumonics installed their 500 W cw Nd:YAG lasers at Ernst and Gillet, both Germany, for cutting of exhaust system components, and at Motor Panels (Coventry, UK) for trimming Rover body panels. coupled with a fiber of 0.4 mm core diameter to a 6-axis Kuka robot mounted on a linear unit. The system pro- Even if some quality problems have been reported occasionally due to robot inaccuracies, Nd:YAG laser robots are inexorably on the way to outplay CO, laser systems in automotive 3-dimensional cutting applications. The easy handling of the beam and the low adjustment and maintenance requirements of a fibre coupling compared to a beam guiding system with mirrors and beam tubes are substantial arguments. Improved beam qualities due to efficient diode laser pumping of the solid state laser medium and higher accuracy of the robots due to improved architectures, drives and controls, remedy previous drawbacks and support this trend. The demand for a large-size 3.2 m long and 1.95 m wide floor pan out of galvanized steel for a new, completely galvanized body of the Audi limousine was driving Thyssen engineers in 1983 to build the first laser tailored blank welder, in this case joining two sheets with still identical properties.
The corresponding serial production system was put into operation in 1985. The galvanized sheets were welded in butt joint configuration to large-size blanks in order to overcome the limited coil width capacities of the then available galvanization lines. In 1989 VW (Wolfsburg, Germany) leveraged laser welding of tailored blanks by deciding to use them for the front side members on the Golf 3. This became the first mass production of tailor welded blanks Mercedes-Benz (Sindelfingen, Germany) operated in 1991 the first combination of laser cutting and welding within one serial production unit (see also section "laser cutting"). In order to achieve an optimum edge preparation and fit-up for laser welding the C-pillar to the roof extension of the S-type cars, the edges of both components are first laser cut with a 2.5 kW CO, laser from Trumpf.
The subsequent butt joint welding is performed with the same system, designed by Held Lasertechnik. The gap width after laser cutting and clamping is below 0.2 mm, but nevertheless the welding process uses filler-wire to ensure a slight reinforcement of the visual seam on the outer skin parts. It is finished by a grinding process. Finishing work could be significantly reduced by using the laser process.
Laser welding replaced the previous MIG- In the same year, also Volvo installed a similar system, but with two 6 kW C02 lasers in their Gent plant. Obviously, the high beam quality and the compara- At Dura (Landsberg, Germany) a Schuler-Held dual station gantry system welds aluminium door inners for the Audi A3 with two Rofin-Sinar 2.5 kW Slab CO, lasers since 1998. In the first step, the frame out of castings and extrusions is MIG welded. In the second step, covering sheets for stiffening and for carrying equipment assemblies are laser welded to the frame. The system produces 300 vehicle sets per day. 
